wnxmmif (jp) (12) Hi It & < A > (iDmmmmm 

#1^2001-36378 
(P2001-36378A) 

(43)ftffifB ¥&13*F2ji9jK3001.2.9) 

(51) IntCl. 7 Ht)WtW FI 

HO 3 H 9/25 H0 3H 9/25 C 5 J 0 9 / 

9/145 9/145 Z 



i*:Kfi0SS OL (4 11 H) 





#^11-203662 




(7DHJHA 


000006013 




¥dEll<P 7^160 (IS 


199. 7. 16) 












(72) mw% 


®m «= 




























































100066474 




















ft*HKIt< 



(54) [^©£$0 



(57) 

S^gw/m«fgOieWS|p) 5:0. 4 tJ.Ji, 1. 0 




w/p=0.8 

w/p=o.7 

r w/p=0.6 
w/p=0.5 
w/p=0.4 
w/p=0.3 



(2) M2 001-36378 (P2001-36378A) 



oast, msoff$^#t53i*3&»6*5"f^^4je« 

±fE-^7'1iU ^AOfe&XWDi 0 fc. fe H B H Ytt 
i055-*^57° OlEHT«£-tt;tH£±fEa« 

±f E^'fi«ltS«ltS£t1iw ±f EHMtOfflMMSJ 
pKJ: ^?*5E$tLl>±fE€S^T^-x^-Jt (w/ 
p)*\ 0. 4m l. 0*}HT*SC:fc&!|tafc'f-5 
Sitting. 

±IE^^'ix«€S«€S^*Mw ±fEH»^i^ira 
p 4 9^$*U±faira&f&<9T*-T < -it ( w/ 
p)£\ 0. 5J3Lhl. 0*SfCftSCli:*#SEi:-r-S 

sitting*, 

J: 0 6 2 0 *^ 6 7 0 «otEHTHHES^^BSSr±ie«S 

p t4 0^S5iiS±ie«ffi^tfOr jl-x < -it ( w/ 
p ) 0 . 6£Lt 1 . 0*5iT£>S - 1 

oast, Bff^j?5**^-5^*^*s-t^*es 

m-yt7W) f7Aog H B B x»i *> o |£ h b h y?| 

p(:± O^g^jfiSJifEM^T^-x^-it (w/ 
p)#, 0. 7 mil. 0*iST'fel>^fc^#®i:^ 

picx *)mfc-£tiz>±.mw&m<VT2.-7-<!-}fc (w/ 
P )t\ o. 8m: i. o^srcfcscifc^isafc'ts 



[»7)P«tM] 
[000 1] 

[0002] 

[ft*tf>Kt&] H 1 3 Il¥9- 1 67936^ 
IS (jtlKl ) t^§tlTV^^*^-^7'SiU^7i, 
( L i N b O 3 , L N ) I ^fj£*^tti£SE 

(JilT, SAW; SurfaceAcoustic W 

a v e ) commm^kTh o . s awoissmo i 
( a ) htz^commm^. t/</p ( d b ) -cult 

^S. «t*i^JlAT-fflfS^L^fflfS^mSW (h/ 
A ) "Cft h . £ ; T\ h iimSt0J¥^T"fe 5 . 
[0003] HI 3 t*Lfc»tttt, JifEL NO|£ H B B X 
#£SAW^fea&f|H]i:U ISHXl^^D^HY 

ms^hukU: "£?@teY" w^SE^ffi^asnffit 

[0004] Hi 4 JiPffiftiSut <9|8Tffi£ijrf 

0. Htfc^T, lfiLNaS, 2tiLN£;Kl±<97 

(A l ) ¥£>««Tft4. Hl4t^4d 
HI 3(4. "£0&Y" fi^SH^HSrLNaSl 

ftfc*£^Stt£jSLT^£. tt®2(47 
(Al ) Tft*. Z\<7)£olZ. "^EIeY" 
tttSE^ffi^LNa^lCOjlffit L, g B s H XW^SA 
W^fSfc/ffafc-f&LNaiRll:, dm&Y-#vhX 

N^(?YX-Li Nb03f:it„ 
[00 0 5 ] HI 3fc^L/i#fe^i^§4^ ffl 
£i4\ *v Hl<?#6 2° ^fc^tt. ffiMMff (h 
/ A ) # 0 . 0 3 #}£T«fI^'#/h t^So £ , 
*7lft^ ; 74' C0fc#(i, ffltM€SJ¥ (h/A) 
#0. l#3£T"feffi«^'ft/hfc^l> 0 StS 
ftm«i ( h/A ) 3^0 . 0 5 «t S AW 

ft 0(46 6° iO^^SSHt^^SCii:^*^. 

^<7)i 3 iz, mmmmitmmm ( h/A ) 

ecD$m&hWMiRi~l Z k {z i 0 , fSWI^^ft/h 
fc-TS ^ fc ^T"^ . S AWtV^/ X(7)SIA«*^ ffiM T" 

[0006] ?¥tt^t(4, :«S AWCOffitStil 

H74' «0#i£T. te»l*I^X$ii:L^^rtd4. 
M^(4\ ^ffi : 8 4/1, V o 

1. J67-C, No. 1, pp. 158-165 (£ 

me 2) Mztim^tix^hi-o^z, LNisi^ait 
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mit&Mkt&rttl'?&C$>&S SBW(Surfac 
e SkimmingBulk Wave)^Iffif 
( L S AW ;Leaky Surface A 
coustic Wave) . Li^U *S 

T14. ^^£#tl»ri>*§£«^ SAW, SS 
BW, LSAW^^LTSAWfcK-t^fcti-S. 
[ 0 0 0 7 ] 0 1 5 immfcmW?) 1 gTl> SSAW7 
^/^coftj££^fHT'*l> 0 HfcBUT. l(i£E*«t 

(I I D T ( I n t e r D i g i t a 1 Transdu 
c e r ; -ftztUim&) . 6 {±3!ttSHt&-*a<Z>x* 
;^^m^ff5tBMiJlDT (-r^'il^mS) . 7(4 

7>cDH$£3^MWfeU ±fE3^t§Wc0.ftAc0ffi£ft 
*£HHW0fc-f-g>„ 

[0 0 08] HI 6(401 5tiirtSAW7-f/^<0Bf 
fflHT"^. Hfci^T. wi4W^3^»^g. P 

iimsfg 3 nwrnm, h (4m»g 3 smsj? 

[0 0 09] ijCtlMNtoV^Tii^i . A^Sir? 7£ 
EpjD§ 3fl£t^fl^(4 , AMIDT5 3 CO 
SHiSt*#*0<4. LN£«ltf£E«tc 

sAwt^r^T, mm^3^mm:^mzmwcti> . & 
tz, mTjfiu dtt-(4. sAw*wmmft^^$ 

«St^#*'tSAWt:3E»§fi.4«^i:, SAW 

[0 0 1 0] HI 3lZ^lfz£d%A-y bftdtf64° 

UlXo S AWC0M5^(4JiiemS^3 tffi 
X\ LNSil«gl(;Tff^|Bi^?t 

AWfeiflttriBjfctfciM-s . 

[00 11] AMU I DT5fc«fc9JsWg3*lfcSAW 
(4. ftMlJlDT6C07^fceihW\ L 
NSS l lzmffi£3 s $>&i%&Mi. ffiMf I D T 6 
PJ5iL^SAWom^(4. AMI I DT5t'il§tLft 

EmosAwtom^j;ot^s<^ i 9, -eossfcoiu* 
(4. (sa'A^ii 1 d t 5 k mm\ 1 d t 6 c^OTait 

[00 12] zWfctb^ AMUI DT5 fcftMfl DT 

6 fc <7)»^I§1 1 TifctUf. L NSK 1 cOfeMMA^A 

#^oa\ saw7^m^ Lxmxw<}fi±^<% 
h,±m-. w&mmx^ mm 5 8^ 1 113 , mT-a 

fl^#3fefr . 3ntt, pp. 56-pp. 81 (JM 



3) fc^SfUO^iot, SAWO^A(4«»|3 
cOl»MpC02f§tfflSAI>cOT\ AMi I DT 5 fc 
tfcftffil DT6 i:#3£*l/ClIitS*ua^ t LTt, 
AJjffl IDT5i ft Ml I DT 6 I/Zt5 ft&mmm 3 CO* 

[0013] $U(4\ H 1 5 fc^LA4 5 AMI I 
D T 5 i: ftMl I D T 6 &%tl?tl 7 AcO^Sf g 3 jSp £> 
=3: 0 . AMf I DT 5 fc fUMl I DT 6 i; #-$-<*SEg L 
Tffi*3*rCVv&fc-rSi:, ts»=f¥AfJIA(4, HI 3 

mm&ffO. 0 2 ( d B/A ) Xhh b-fh b , feffi 
t#5#,A(40. 0 6-0. 08dBtOfflt^l» o 

[0014] z<nt$b. ^:ffll*4SAWf^'^£ 

SUJi-ri.^t(4. fe»I*0/h§V^LNS«l 
l> C: i'iltJ D . ?)£*co £ tOfflo3ltti&i§gT14 , 
* v e #6 4 • 4 D A# v ^tEH^fciiT v ^ . 
[0015] ±mX o e»M*(4. S AW7 ^ ;k 
^ojfAM*fcA§^s^^tl>*\ SAW7^;^ 

/JiR A i - m-t a 4 KffilR A^! t'C(4=5: v ^ 
LN«1 ^ttrA^Mf^ftt LT. fcMH.AW.M- 

^«ftK2 , A^fl I DT 5 ^ffi^fflj IDT6W^t" 

tfhh. z\tit>VohX\ St, ±IE«St»«IS^Rft 
K2 (4. SAW7^^^C0^A»A^fflii»I^^S 

[00 16] H14^L£4?^ LNS^l 

^ffi^ft(cm«2^«t-S*i^fc, HI 6t^Uc 
4 5 IZ . 3 ^7Wl»;ffi?[J $ tl/Ui^T14. S A 

W^JM-miA AlSt- ) S AW 7 -i si 9 (4 . H1 b« 

4 3 «^3 mm Ltmmmtztzfo. m 1 4 

CO 4 3 &£flc#mffi 2 Ttt^fc ^co#tt fc ^ s # 
tt^-T. -t%b*>. U-'J-t^BGSS (Bleu 
stein— Gulyaev — Shimizu wav 

e ) co4 0 *JKa&^t(4fEWIA^ffi9^^|^*Wtt 

mmmm \> ^zwm^mxim^tix \ ^\ lsa 
w^s s Bwzm^tiwmMWTimffiti%3&im 

[0017] 

Aco4 0 t,zmj&ztix^&?)x\ £#tj s m&2Tm>ti 

XmmtlX^fzbK IICOLSAW^SSBW^ffl^ 
[0018] i/i, «*co;coac7)Wtt^gMT"(4. 
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[0019] ;OfgBH(4±fSO i a *PS£ jB^-tSfe 
[0 0 20] 

J& Uz h^zhv^X , ±IE-^7"BI y ^ A^IS&Xfft 
0 ISb b hY$| i 0 5 5° H57 1 ORBIT"® 

±IEmS^r^-x^-il: (w/ P ) 0. 4£Lh 

i. o*irc*si<oT*4. 

[0021] zcownmm<\mmwiz. -*?mv 

X, ±E-*7l!U^^A«OiliAX||l|«Dii)0fcs HA 
-T^-Jt(w/p)^ 0. 5iil±l. 0 

[0022] icofgBHtffiiWttissiaiii, 

Ylfij; 0 6 2° fyt>6 7" ^jEHT"0$K§^H^±IS 
SKOHH fc L . ±f E^W»i^m8£tfSw t ±15 

-T-f-Jfc (w/ P ) j&\ 0. 6ULhl. 0*llT*&£ 

[0023] ;^itng»ttiiiii -^7"i§y 
x, ±m-*7W)i-iy^cD^ B xmcD£ht)tz^ g& 

YffiJ; D67'H7r OtEHT-@te§^ffi^_hlB 
-T-f-Jfc (w/ P ) t>\ 0. 7ULhl. 0*}WT"35£ 

[0024] ,i^mmm'\mmmi±. -*7Mv 

^hm^^^tzMmm^mitzh^zti^ 
±iz~?t7WJi-iy^}^Bxmmht)iz. 

Yffii; 0 7 1° *»6 7 6 ° OtEHT"@te§^ffi^JilB 
SKOIIH t . ±f E^M€«om«£tllw t ±IE 

ms^oisMjaMp t j o^s§tLS±fE€S^T^. 



-f - -it ( w/p ) *\ o . 8 jjLh i . o *mx% & 

[0025] 

SSSS^SS 1 - Hi (ifflfS^mSW ( h/A ) #0 . 0 

*riw?hz. miz&^x. immmmmta (dB/ 
a ) x-fo 9 . h 1 3 <7)S»fe»it* fci«rtfc 

SoiKLNlSl^y^e^l Hl3fc^] 
itfc. L 1 0|£ H B B X#£- S AW(?)fiK^l fc L . 

IBS:, "f£;b*>. IS H B H X$^^i9D«g H B H Y?fiS-£?@te 
S^ffiS-LNSKltO^ffit LTV^S 0 
[00 26 ] i^t'tt. 1211 4t;^L/t J: o LNS 

s i co^mtfmm 2 < , m 1 6 1 

S . HI lZt5\ ->X . 3 OtSw t ffi^ffip COtm 

fi-f^ (w/ P ) tL, TJL-T-f-ifc (w/ 
P)**0. 2*^0. 8*t0. lfe^^ftE^SI-S 

[0027] H2i4«M»IS-^fimK2 cOtHBSST 

0. 1ffi(4Hli:|3ItLNSMl^vbft^T-fel> 0 

T^-x^-ib (w/ P ) i>Hi fclsitffiTtf* 

[ 0 0 2 8 ] H l at/M2 ^ tJttflWSmfi. Mi 

0*^ffis«»tt«^K»®i sosa^. t 

fi!c7^3H, pp. 649-pp. 6 54 (jdR4) , 
PP . 786 -pp. 791 CfclKS ) &tf , Sfllt : 8 
2 30EM^>'^^A S ^6^5^, pp. 93- 

p P . ioo ( jdK6 ) iz^tix^mmwj-y 
mmm^tzmm^m^m^xa >o^m5 xw^tt 

TV4rn/7A (FEMSDA) Of^mSLOf^SSr 
[ 0 0 2 9 ] H 1 3 fc^ftfcfm&lifco^T t , ^ 

&m%h&. mmmm tmmt? u -y ®mz 
h^mxhh, 

[ 0 0 3 0 ] H 1 OltEISmS-ai. k , MiH\ fi — 
-r-fifc (w/p) #0. *7bft^^6 2° 

1. hi 3tz^Lizmwz(m<mmimmzmmz 

tuzmmtiMk£M.&b. %>yhft0P62° H74 4 
coSSBBTti. »f[MJ¥ ( h/A ) ^0 . 0 l#i£t; 

ft/N6s-^LTi^^ c zfiii, ^mzmm2xmhti 
fzm&t. mm?)W&m3<7)Mmcoi%£tx\ saw« 



(5) M2 001-36378 (P2001-36378A) 



[0031] H3&v'H4(i, m^tmrnm ( h/A > 

W 0 . 0 5 o*§^om 1 RV'H 2 1 ^a^tHBSSt* 
6. Kfg-fktffilf (h/A) #0. 0 5fcl^f6(4, G 
H zfWS AWf^4 XT14f < fflO tfLS JKi? 

T£>£>. H3^Jll.fc. f^-f^lt (w/p) 

[oo3 2] u>u mAit&ht, mmmaifiA^ 

IfcK 2 &/kZ<%:lzbfftoip&. mill, t^-tm 

-ft ( w/ P ) *j o . 5 eo^^izmB-ti t , mmm. 
a^yhnepee - imxMMztcZ.. u>u M 

[0 0 33] S5&V'H6(±. fflfg^mSW ( h/A ) 

# o . i o^^m i mm 2 ^, m 3 &vm4 1 mat 
oimisires^ mftmsff (h/ a) 

fii£ffi»K* (4, ^^b^^j&vj^V^j&^^ffl^ 

[0 0 34]H7ii, ^Tlt^T^I>ftg7j}£0£^ 

ilS L «§Ht If JtlSS i: f b« L tzMX'fo h . Hfcis^ 
T , ffiMUdM V s 0 , «Wft{±* y h ft e X'fo h . 
11^, Hit, SSft, jSH, — jSiM^OHT^LTi^ 
cotiK mi IH 6 t If Jt-t 5 ^ 1 15] t If 
fc^^fTOIIT'ifcO, fi-f^Jt (w/p) £ 
0. 2^A>0. 8 a to. 1 HMT"ff3l Lfcjsn-c* 
S. 

[0 0 3 5] ifc, 07KiSWt, OT'ifyy*^ 
(4, r jl-t 4 -ft ( w/p ) & 0 . 2 5 tiff Lfc S 

•r^ydf/Wira— r-f-tt (w/p) to. STKfN 
Lfc*&, oa^-r^-^y^Wira-T -ft 

( w/ p ) £ 0 . 7 5 T-lSff L3t^08l®gSTft 

5. ttz, mm. m^mzh^M-sh^x. mm. 

Mtm (h/A) #0. 0 5«t^T'{)l NriiSA 
[ 0 0 3 6 ] 08(4, H7 0iISIS*^mf-Otffl^)t 

ffl, m^wsx*^s. B§ft5 3^i 2^, atraiir 

pp. 15 3-pp. 1 55 (SHffi7) *fclEft 
§tlTUl>„ ATlffll DTSfctftaffll DT6t«: 

9 ORIf X I- U -y T^l^lJMW P^tCUl^. 
[ 0 0 3 7 ] £<Z> «* -5 ^ y/RIf^9 tffi 



t . f 0 tt/p-x ^ yymm 9 cr>*>mmazm% 

[0038] 1 yymm9mi3\mmv\±, 
y^mm9^x-^mwm.f oizmz 
^co2^-cnnz^h^x\ w«f oc, mm 
Mv<n2{%<r>m2 p jsttfp^v-f a yymm 

9 tfc(t-&HjSV stcffl ^-fh, 127(4. ^^5iVs 
I(Vs = 2pfO) S^tT^i. Sris, H7tft^ 

C0fltIwC0#X h 'J 7 7°0«T"S>I> . ttz, ffg^lD 2 

[ 0 0 3 9 ] mst^L/ii; a ^V-x ^ y^HIt 
S 9 togftx h 'J 7/ 1 0(4, £T limfit =5r 5 Xdiz 

*m®Rti. Htfa-f^-lt (w/p) c?)lMfif&3 
<0*^T t (5i2'^l t IS* t * £ . 0 7 3&>6 ^ *>=5r J: 5 
tt««f:8l£«f:(iJ:<-itLTti'3, -Off^' 
i 0 SAW7 ^ /^oiWUgw, i 0 SffiS=SrlS 

[0040] mi 0(4, mi^^m6t^L^tfEiss 
saw7 4 wiz^t&imiz-o^ximt&tiib 

co . ^ - K IS^Bo s A wftSti yjjvfwtf-ye) 
WX'fo t . Htfc^T , 5 (4A7JM I D TT£> 9 , 
^3«42 3*T-fc^„ 6(4K7J(H DTT"fcO. 2 
^WffiTlffl I D T £€MW(:a0iJf#M LT v > h o EfiTlffl 
IDT6 comiiJcomS^ 3 <7)S(4 1 6 !> „ 9 (4/ 

k-x -f >• /Ri^T-fc o , ^'V - r * yrmm 9 ^ 

#X h U vTO*m(4miiJT" 1 3 Q*X%h „ ATJffl I 
D T 5 C0€»it 3 OUtS, ffiTJtl I D T 6 O 3 O 

[004 1 ] mi oizm&yy~T a y7£$m9cD 
&x v u -y Tcmmmwp s (4, atjm i d t 5 , ^tj 

il I D T 6 vW£bW£ D, p g = 1 . 0226 P ifc 
tf^5. t^L, ^V-r^y/RW#ff9co#XbU 
77«f 4 -T ^ ft ( w g/ P g ) t , AMI I D T 
5 , ffJMi I D T 6 CD#m»£ 3 ct)t 4 — r ^ ft ( w i 
/p i ) fc|5ltT"fcS 0 lilT, ^^^OT^.-T^-ft 
(wi/p i ) Mf (wg/pg) ^imLT, fi- 

7M-ft (w/p) 

[0042] i^c, ggllD 1(42. 5 P , ggilD2i4 
0. 2 5ptfel. 0 *7hft0^fa-f^-it(w/ 
P ) £m h k , ^5iV s imitthbK ATJffl I D T 
5 SW'mTJffl I D T 6 cotf'tJM^ f 0 ifi 8 3 9 . 2 9 
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5 . atASUfSW 0 (44 4 0 ju mt* 5 . 
[0 04 3] 01 1(4, 01 0tSL/SSAW7^M 

K 7" -y ? . B*f«ffi»^tt^^K«m l 
5 0®!^ ¥J&3^1 l£, pp. 18 5-pp. 2 

05 ^(^§tL-cussmi theymmmsi 

02n dtf/^AM! I D T 5 &V'fiJMi I D T 6 (C 

[0044]?'V-f^ >?5GtHls9 $U(4\ X 
K : ^ > h* 7" >y 9 . B*^«S«^Wtt 

«^e«mi 5 omm&. ¥$3^1 1.H, PP. 2 
06-pp. 227 ) tffc^Sfua^^fliJg 

T ^ !> ^flH^mfW L/i*§^ [5f tX% 

i> . h i ^ h 6 «4«ga « ftl^m$«S/ f$% 

K2 £iSl/0^#, tjl-t A -it (w/ P ) £££ 

i> t , nav s , mw&mc o , Mtt« »c 1 mmm 
m.^nnfcmcthtztb, hi l^L^ftirsJi-e 
!±, iti^mmm^mthm.itz. hi 1 
it, mmmmm ( h/A > #o . 05, f*-f < - 

[ 0 0 4 5 ] Hi 1 l^UrffJHSIIfc J14 L*7b 
fte#5 5' 4 D i 6 6 0 ^**^*A!***k/Jv|Hi/h$ 

b ^mxfo h wmms&m £ t , 5 5 0 co* # 6 

4 9M^fc, Sfce@ftaliitt*;l/0^. *7hfl 
e tf 6 6 0 J; 0 , fflf xmSM'bmfi** < % 

StfXi, z\<^t^Xhh . LjEpU H4^HSfc, #-y 

w^ s 6 6° 4 0 m^v^\ mm«is^SK 

2 (4A??^ ^WIAMAM^^ii^clfc(4, w 

1 ^j&x. *ur . mt?% h mmm: xn^<x%hb\^ 
z. b x-h 0 , nmmm^mm bizx 

x%hzt*^Lx^h. muz. ^mnm^mz 

0 . 5 d BOTfcrf f*«6 4 0 T 

{4IUS^«gT£> 0 , 6 2 0 4 0 t,/hSV^ v Yft6tf& 

mx$> z^bz, $>yhftep55'- mxm&m 

/MI46 4' ^W&kthW. ZeMliO. 0 5dB 

mmx$>&, 

[0 04 6] HI 2(4. *7fftM i 6 4 I , 5 8° , 
AW7^/l^<7V^->'(4Hl 0t3^Lfct«T*4. 

tfji^ft fc lt(4. s^tmsw ( h/A ) (so . o 

5, T-x—r-f-Jt (w/ P ) (40. 5fcl/O^S. 
[0 04 7] ifc, ftflgfefrfcLT, hfc0#64 
° C0fc#, §5iVs(444 6 5 (m/s ) , }$«jgS[a 
(40 . 0 1 0 8 ( d B/A ) , f?m§*C 0 (4ttfl#§ 1 



0 2 5 0 ( P F m ) , lIIS^liK^ {4 
13. 5%b U i}v bft&&5 8" (T)b%, ^5iVs 
(444 7 7 (m/s) , SsSS«i40. 0 12 ( d B 
/A ) , ff WMMC 0 (4M^ 1 0 2 8 5 ( p F 

/m) . mwmm^mmK^ (4i8%tt. 

-9^5 5° #5iVs(444 7 7 (m/s) , M 

^Sifca(4 0. 0 07 6 (dB/A) , ff€^*C0(4 
€S^l*fe^D 27 7 (pF/m) , mMSMfe'ift^ 

(416. 7%kLX^&. 
[0 048] ^■yFft^^'5 5° ^5 8° t0t§=(4. H 
1 2 fc^aifi**#fe*:ffi£^-i: # OfiJAfM^ft/J^ 

fi(4. 64° <7)i9&£*)i>h~rmz^^\ mmmz 

im^mtXH'O, MX(4\ Jf&i^'8 0 4MHz^A> 
8 4 2MHz OiEHMAtI*T14 . 55'^58'« 
S^HHR^Tft S . -f^fe . 6 4° ± 0 t . 5 

5^58" ^^Hff^ii^lT14ffilI*T-S> 0 , 
JtiSfc. ^*t064° 4 DC 5 5° ^5 8° W** 1 

[0049] ifc, H12 £MjhtiflRt>fr%J: o ^ 

• &iTimmm& s i&\ j^jus^, ii^cosaw7 
4 o i>m%mmikmm %m**ti 

t£h . 4 0 ffiM^^tt^^ilt-^ S ^ t * 
[00 50 ] H4^.tl>>, #-yH3<?#5 5° j6»t 5 
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(54) ELASTIC WAVE DEVICE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To attain low loss and wide band by making a 
surface, which is made to rotate in the range of specific degrees from a crystal Y- 
axis about a crystal X-axis of niobic acid lithium, a right surface of a substrate 
and by making the duty ratio of an electrode finger decided from the width of the 
electrode finger of an interdigital electrode and an arrangement frequency of the 
electrode fingers a specific value range. 

SOLUTION: Electrode fingers 3 of input side interdigital electrodes (IDT) 5 and 6, 
which consist of a conductor having thickness (h), are formed on an LN substrate 
1 of a piezoelectric body that has niobic acid lithium as a main component. A 
surface obtained by rotating within a range from 55 or 57 degrees to 62 degrees 
of cut angle from a crystal Y-axis around a crystal X-axis of this niobic acid 
lithium becomes the surface of the LN substrate 1 . The duty ratio of the electrode 
finger, decided by an electrode fingerwidth (w) of these interdigital electrodes 5 
and 6 and an arrangement frequency (p) of the electrode 3, is in the range of 0.4 
to 1.0 or lower, or 0.5 to 1.0 or lower. Thus, it is possible to obtain an elastic 
wave device of low loss and wide band. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the elastic wave equipment in which the blind-like electrode which 
becomes the substrate of the piezo electric crystal which uses lithium niobate as 
a principal component from the conductor which has predetermined thickness 
was formed The field rotated in 55 to 57 degrees from the crystal Y-axis around 
the crystal X-axis of the above-mentioned lithium niobate is used as the front 
face of the above-mentioned substrate. Elastic wave equipment with which duty 



ratio (w/p) of the above-mentioned electrode finger determined with the electrode 
digit w of the above-mentioned blind-like electrode and the array period p of the 
above-mentioned electrode finger is characterized by or more 0.4 being less than 
1.0. 

[Claim 2] In the elastic wave equipment in which the blind-like electrode which 
becomes the substrate of the piezo electric crystal which uses lithium niobate as 
a principal component from the conductor which has predetermined thickness 
was formed The field rotated in 57 to 62 degrees from the crystal Y-axis around 
the crystal X-axis of the above-mentioned lithium niobate is used as the front 
face of the above-mentioned substrate. Elastic wave equipment with which duty 
ratio (w/p) of the above-mentioned electrode finger determined with the electrode 
digit w of the above-mentioned blind-like electrode and the array period p of the 
above-mentioned electrode finger is characterized by or more 0.5 being less than 
1.0. 

[Claim 3] In the elastic wave equipment in which the blind-like electrode which 
becomes the substrate of the piezo electric crystal which uses lithium niobate as 
a principal component from the conductor which has predetermined thickness 
was formed The field rotated in 62 to 67 degrees from the crystal Y-axis around 
the crystal X-axis of the above-mentioned lithium niobate is used as the front 
face of the above-mentioned substrate. Elastic wave equipment with which duty 
ratio (w/p) of the above-mentioned electrode finger determined with the electrode 
digit w of the above-mentioned blind-like electrode and the array period p of the 
above-mentioned electrode finger is characterized by or more 0.6 being less than 
1.0. 

[Claim 4] In the elastic wave equipment in which the blind-like electrode which 
becomes the substrate of the piezo electric crystal which uses lithium niobate as 
a principal component from the conductor which has predetermined thickness 
was formed The field rotated in 67 to 71 degrees from the crystal Y-axis around 
the crystal X-axis of the above-mentioned lithium niobate is used as the front 
face of the above-mentioned substrate. Elastic wave equipment with which duty 



ratio (w/p) of the above-mentioned electrode finger determined with the electrode 
digit w of the above-mentioned blind-like electrode and the array period p of the 
above-mentioned electrode finger is characterized by or more 0.7 being less than 
1.0. 

[Claim 5] In the elastic wave equipment in which the blind-like electrode which 
becomes the substrate of the piezo electric crystal which uses lithium niobate as 
a principal component from the conductor which has predetermined thickness 
was formed The field rotated in 71 to 76 degrees from the crystal Y-axis around 
the crystal X-axis of the above-mentioned lithium niobate is used as the front 
face of the above-mentioned substrate. Elastic wave equipment with which duty 
ratio (w/p) of the above-mentioned electrode finger determined with the electrode 
digit w of the above-mentioned blind-like electrode and the array period p of the 
above-mentioned electrode finger is characterized by or more 0.8 being less than 
1.0. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention is used in circuits, such as communication 
equipment and electronic equipment, and relates to the elastic wave equipment 
which spreads an elastic wave. 
[0002] 

[Description of the Prior Art] Drawing 13 is an example which shows the property 
of the conventional elastic wave equipment using the conventional lithium 
niobate (LiNb03, henceforth, LN) shown in JP,9-167936,A (reference 1). In 
drawing, an axis of ordinate is the propagation loss of a surface acoustic wave 
(following and SAW;SurfaceAcoustic Wave), and expresses the propagation loss 
of per one wave (lambda) of the travelling distance of SAW with a decibel (dB). 
An axis of abscissa is the normalization electrolyte thickness (h/lambda) 
standardized on wavelength lambda. Here, h is the thickness of an electrode. 
[0003] The property shown in drawing 13 shows the case where are a property at 
the time of making the crystal X-axis of Above LN into the propagation direction 
of SAW, and using a crystal Y-axis as a substrate front face around the crystal X- 
axis, and theta rotates a field vertical to the theta "theta revolution Y" shaft in 62 
to 74 degrees. [ which was rotated ] 

[0004] Drawing 14 is drawing showing the cross section of elastic wave 
equipment, in drawing, 1 is LN substrate and 2 is electrodes, such as aluminum 
on the LN substrate 1 (aluminum). As shown in drawing 14 , drawing 13 uses a 
field vertical to the "theta revolution Y" shaft as the front face of the LN substrate 
1, and the property when the whole surface is covered with the electrode material 
2 of thickness h is shown further. In many cases, an electrode 2 is aluminum 
(aluminum). Thus, the LN substrate 1 which uses a field vertical to the "theta 
revolution Y" shaft as the front face of the LN substrate 1 , and makes the crystal 
X-axis the propagation direction of SAW is expressed as theta revolution Y-cut X- 
propagation lithium niobate, is omitted, and it expresses theta YX-LN and 
theta YX-LiNb03. 

[0005] When the cut angle theta is 62 degrees so that the property shown in 
drawing 13 may show for example, a propagation loss serves as [ normalization 



electrolyte thickness (h/lambda) ] min in the 0.03 neighborhoods. Moreover, 
when the cut angle theta is 74 degrees, a propagation loss serves as 
[ normalization electrolyte thickness (h/lambda) ] min in the 0.1 neighborhoods. 
For this reason, when realizing a SAW device in the field where normalization 
electrolyte thickness (h/lambda) is larger than 0.05, it turns out that the cut angle 
theta which makes a propagation loss min exists in the larger range than 66 
degrees. Thus, by choosing suitable normalization electrolyte thickness 
(h/lambda) and the combination of the cut angle theta, a propagation loss can be 
made into min and the insertion loss of a SAW device can be reduced. 
[0006] in addition, when the X-axis is set as the propagation direction in the 62 to 
74 degrees neighborhood by the cut angle theta which several kinds of this class 
other than SAW existed in the elastic wave, and was shown in drawing 13 for 
example, reference:electronic energization institute paper magazine' -- as 
indicated in 84/1 , Vol. J67-C, No. 1, and pp.158 -165 (reference 2) SSBW 
(Surface SkimmingBulk Wave) which is the bulk wave spread along the front face 
of the LN substrate 1 , and a leakage surface acoustic wave (LSAW;Leaky 
Surface Acoustic Wave) spread. However, especially in this application, except 
for the case where these are distinguished, SAW, SSBW, and LSAW will be 
named generically and it will be described as SAW. 

[0007] Drawing 15 is drawing showing the configuration of the SAW filter which is 
one sort of elastic wave equipment. As for LN substrate whose 1 is a piezo 
electric crystal, the input side IDT (InterDigital Transducer; blind-like electrode) to 
which an electrode finger and 4 carry out a bonding pad, and, as for 5, 3 carries 
out energy conversion of electric-surface acoustic wave, the output side IDT 
(blind-like electrode) to which 6 performs energy conversion of the surface 
acoustic wave-electrical and electric equipment, and 7, in drawing, an input 
terminal and 8 are output terminals. Make into the crossover width of face W the 
die length of the part which the electrode finger 3 intersects, and let the greatest 
value of the above-mentioned crossover width of face W be the maximum 
crossover width of face W0. 



[0008] Drawing 16 is a sectional view of an SAW filter shown in drawing 15 , and 
w is electrode thickness from which the electrode digit of the electrode finger 3 
and p constitute the array period of the electrode finger 3, and h constitutes the 
electrode finger 3 in drawing. 

[0009] Next, actuation is explained. The electrical signal impressed to the input 
terminal 7 builds electric field to the intersection of each electrode finger 3 of an 
input side IDT5. Since the LN substrate 1 is a piezo electric crystal at this time, 
distortion arises by the above-mentioned electric field. When an input signal is a 
frequency f, it vibrates on a frequency f, and distortion to produce also serves as 
SAW and this spreads it in the direction vertical to the electrode finger 3. 
Moreover, in an output side IDT, SAW is again changed into an electrical signal. 
When changed into SAW from an electrical signal, and when being changed into 
an electrical signal from SAW, it is an reversible process mutually. 
[0010] The displacement component of SAW has a part for directivity parallel to 
the front face of the LN substrate 1 in parallel with the above-mentioned 
electrode finger 3 as the cut angle theta as shown in drawing 13 is shown in the 
above-mentioned reference 2, when the propagation direction is the X-axis near 
64 degree. It depends for this displacement component in the cut angle theta and 
the SAW propagation direction of the class of ingredient of the LN substrate 1 to 
be used, the cutting plane of the LN substrate 1, and a cutting plane. 
[001 1] Although SAW excited by the input side IDT5 is spread in the direction of 
an output side IDT6 When a propagation loss is in the LN substrate 1 at this time 
The power of SAW which reached the output side IDT6 becomes smaller than 
the power of SAW immediately after exciting by the input side IDT5. Extent of the 
loss It is almost equal to the value which multiplied by the propagation loss per 
wave shown in the value which changed the center-to-center dimension of an 
input side IDT5 and an output side IDT6 into the distance standardized on 
wavelength by drawing 13 almost. 

[0012] For this reason, the insertion loss as an SAW filter becomes large, so that 
the propagation loss of the LN substrate 1 is large, if the distance of an input side 



IDT5 and an output side IDT6 is the same. Reference : since the wavelength 
lambda of SAW corresponds the twice of the array period p of the electrode 
finger 3 as shown in the IECE issuance, Corona Publishing, and pp.56-pp.81 
(reference 3) in surface acoustic wave engineering and November, Showa 58 
Though an input side IDT5 and an output side IDT6 approach and are arranged, 
loss of extent by which the propagation loss was multiplied produces the numeric 
value of the one half of the average of the number of the electrode finger 3 in an 
input side IDT5 and an output side IDT6 as loss accompanying propagation. 
[0013] For example, as shown in drawing 15 , an input side IDT5 and an output 
side IDT6 consist of seven electrode fingers 3, respectively, and supposing an 
input side IDT5 and an output side IDT6 approach immediately and are arranged, 
the loss accompanying propagation will serve as an about 3 to 4 times [ of the 
propagation loss shown in drawing 13 ] value. For example, supposing a 
propagation loss is 0.02 (dB/lambda), the loss accompanying propagation will 
become the value of no less than 0.06-0.08dB. 

[0014] For this reason, when a low loss SAW device was realized especially, it is 
important to use the small LN substrate 1 of a propagation loss, and the larger 
range than 64 degrees was used for the cut angle theta with this conventional 
kind of elastic wave equipment. 

[0015] As mentioned above, although a propagation loss has big effect on the 
insertion loss of an SAW filter, only a propagation loss does not affect the 
insertion loss of an SAW filter. As a material constant showing the property of the 
LN substrate 1, there are the electromechanical coupling coefficient K2 in 
connection with the conversion efficiency of an electrical signal and an elastic 
wave, the electrostatic capacity CO in connection with the impedance of an input 
side IDT5 or an output side IDT6, velocity of propagation V of an elastic wave, 
etc. in addition to a propagation loss. It is the above-mentioned 
electromechanical coupling coefficient K2 especially among these. It is the 
important thing which determines the insertion loss and pass band width of an 
SAW filter. 



[0016] Moreover, as shown in drawing 14 , propagation of SAW differs in the 
case where an electrode 2 exists in the whole front face of the LN substrate 1 , 
and the case where the electrode finger 3 is periodically arranged as shown in 
drawing 16 . Since a actual SAW filter has the structure which arranged the 
electrode finger 3 like drawing 16 , it shows a property when the whole like 
drawing 14 is covered with an electrode 2, and a different property. Namely, 
concrete conditions were not known for the elastic wave equipment using LSAW 
or SSBW although theoretically known for the elastic wave equipment using a 
pure surface acoustic wave without a propagation loss like the Rayleigh wave or 
a BGS wave (Bleustein-Gulyaev-Shimizu wave). 
[0017] 

[Problem(s) to be Solved by the Invention] Although it had realized in the 
property when the whole is covered with an electrode 2 on the conditions to 
which a propagation loss becomes small most since conventional elastic wave 
equipment was constituted as mentioned above, with the elastic wave equipment 
using actual LSAW and actual SSBW, the conditions which show the best 
property differ, the difference became a cause, and the technical problem that it 
deteriorates from degradation of a property, i.e., the minimum value which can 
realize an insertion loss, occurred. 

[0018] Moreover, electromechanical coupling coefficient K2 which has big effect 
on the property of elastic wave equipment although used in this conventional kind 
of elastic wave equipment on the conditions from which a propagation loss 
serves as min Since it was not used on the optimal conditions, the technical 
problem that the insertion loss and bandwidth of elastic wave equipment 
deteriorated occurred. 

[0019] It was made in order that this invention might solve the above technical 
problems, and it aims at obtaining broadband elastic wave equipment by low loss 
rather than this conventional kind of elastic wave equipment. 
[0020] 

[Means for Solving the Problem] In the thing in which the blind-like electrode with 



which the elastic wave equipment concerning this invention becomes the 
substrate of the piezo electric crystal which uses lithium niobate as a principal 
component from the conductor which has predetermined thickness was formed 
The field rotated in 55 to 57 degrees from the crystal Y-axis around the crystal X- 
axis of the above-mentioned lithium niobate is used as the front face of the 
above-mentioned substrate. The duty ratio (w/p) of the above-mentioned 
electrode finger determined with the electrode digit w of the above-mentioned 
blind-like electrode and the array period p of the above-mentioned electrode 
finger is less than [ 0.4 or more ] 1.0. 

[0021] In the thing in which the blind-like electrode with which the elastic wave 
equipment concerning this invention becomes the substrate of the piezo electric 
crystal which uses lithium niobate as a principal component from the conductor 
which has predetermined thickness was formed The field rotated in 57 to 62 
degrees from the crystal Y-axis around the crystal X-axis of the above-mentioned 
lithium niobate is used as the front face of the above-mentioned substrate. The 
duty ratio (w/p) of the above-mentioned electrode finger determined with the 
electrode digit w of the above-mentioned blind-like electrode and the array period 
p of the above-mentioned electrode finger is less than [ 0.5 or more ] 1 .0. 
[0022] In the thing in which the blind-like electrode with which the elastic wave 
equipment concerning this invention becomes the substrate of the piezo electric 
crystal which uses lithium niobate as a principal component from the conductor 
which has predetermined thickness was formed The field rotated in 62 to 67 
degrees from the crystal Y-axis around the crystal X-axis of the above-mentioned 
lithium niobate is used as the front face of the above-mentioned substrate. Duty 
ratio (w/p) of the above-mentioned electrode finger determined with the electrode 
digit w of the above-mentioned blind-like electrode and the array period p of the 
above-mentioned electrode finger is characterized by or more 0.6 being less than 
1.0. 

[0023] In the thing in which the blind-like electrode with which the elastic wave 
equipment concerning this invention becomes the substrate of the piezo electric 



crystal which uses lithium niobate as a principal component from the conductor 
which has predetermined thickness was formed The field rotated in 67 to 71 
degrees from the crystal Y-axis around the crystal X-axis of the above-mentioned 
lithium niobate is used as the front face of the above-mentioned substrate. The 
duty ratio (w/p) of the above-mentioned electrode finger determined with the 
electrode digit w of the above-mentioned blind-like electrode and the array period 
p of the above-mentioned electrode finger is less than [ 0.7 or more ] 1.0. 
[0024] In the thing in which the blind-like electrode with which the elastic wave 
equipment concerning this invention becomes the substrate of the piezo electric 
crystal which uses lithium niobate as a principal component from the conductor 
which has predetermined thickness was formed The field rotated in 71 to 76 
degrees from the crystal Y-axis around the crystal X-axis of the above-mentioned 
lithium niobate is used as the front face of the above-mentioned substrate. The 
duty ratio (w/p) of the above-mentioned electrode finger determined with the 
electrode digit w of the above-mentioned blind-like electrode and the array period 
p of the above-mentioned electrode finger is less than [ 0.8 or more ] 1 .0. 
[0025] 

[Embodiment of the Invention] Hereafter, one gestalt of implementation of this 
invention is explained. 

Gestalt 1. drawing 1 of operation is drawing showing the count result of the 
attenuation coefficient alpha to the cut angle theta in case normalization 
electrolyte thickness (h/lambda) is 0.01. In drawing, an axis of ordinate is an 
attenuation coefficient alpha (dB/lambda), and is the same as the propagation 
loss of the axis of ordinate of drawing 1 3 . An axis of abscissa is the cut angle 
theta of the LN substrate 1 , and is using as the front face of the LN substrate 1 
the field vertical to the shaft which the crystal X-axis of the LN substrate 1 was 
made [ shaft ] into the propagation direction of SAW, and did theta revolution of a 
crystal Y-axis around the crystal X-axis like drawing 13 , i.e., the field which did 
theta revolution of a crystal Y-axis around the crystal X-axis. 
[0026] Here, as shown in drawing 14 , when the whole surface of the LN 



substrate 1 is covered with an electrode 2, not but as shown in drawing 16 , the 
propagation property of SAW when the electrode finger 3 of width of face w and 
the array period p is arranged by infinity is calculated. In drawing 1 , the width of 
face w of the electrode finger 3 and the ratio of the array period p are made into a 
duty ratio (w/p), and duty ratio (w/p) shows the count result in every 0.1 from 0.2 
to 0.8. 

[0027] Drawing 2 is an electromechanical coupling coefficient K2. It is as a result 
of count, drawing -- setting -- an axis of ordinate -- electromechanical coupling 
coefficient K2 it is -- an axis of abscissa is the cut angle theta of the same LN 
substrate 1 as drawing 1 . Moreover, duty ratio (w/p) is also calculated with the 
same value as drawing 1 . 

[0028] The count result shown in drawing 1 and drawing 2 For example, the 
latest research-committee report - of a reference:elastic wave component 
technique, The 150th committee of the Japan Society for the Promotion of 
Science elastic wave component technique, March, Heisei 7, pp.649-pp.654 
(reference 4), pp.786-pp.791 (reference 5) and reference : 23rdEM symposium, 
The analysis technique using the discretization Green function shown in pp. 93- 
pp.100 (reference 6) is used, and the count result except the effect of the 
backscattering of the program (FEMSDA) stated by reference 5 is used in May, 
Heisei 6. 

[0029] Although the points which they are as a result of [ of an about ] count differ 
also about the count result shown in drawing 13 when the whole surface is 
covered with an electrode 2, the count technique is an approach using the same 
discretization Green function. 

[0030] When the count result of drawing 1 is seen, when a duty ratio (w/p) is 0.5, 
the cut angle theta shows the minimum value from which an attenuation 
coefficient alpha serves as zero mostly near 62 degree, for example. However, if 
the count result applied to this kind of the former shown in drawing 13 of elastic 
wave equipment is seen, in 62 to 74 degrees, normalization electrolyte thickness 
(h/lambda) does not show [ the cut angle theta ] the minimum value to the 0.01 



neighborhoods. This is with the case where it is covered with the whole with an 
electrode 2, and the case of the structure of the actual electrode finger 3, and 
shows that the properties of propagation of SAW differ. 
[0031] Drawing 3 and drawing 4 are as a result of [ the / as drawing 1 in case 
normalization electrolyte thickness (h/lambda) is 0.05, and drawing 2 / same ] 
count. The value [ electrolyte thickness / (h/lambda) / normalization ] 0.05 is 
thickness used in the SAW device of a GHz band. [ comparatively many ] If 
drawing 3 is seen, when duty ratio (w/p) will become large, there is an inclination 
for the cut angle theta from which an attenuation coefficient alpha serves as min 
to become large. 

[0032] However, when the cut angle theta to which an attenuation coefficient 
alpha will become small if drawing 4 is seen is chosen, it is an electromechanical 
coupling coefficient K2. It turns out that it becomes small. For example, if its 
attention is paid when duty ratio (w/p) is 0.5, as for an attenuation coefficient 
alpha, the cut angle theta will become min near 66 degree. However, as for an 
electromechanical coupling coefficient, the cut angle theta shows a value with the 
larger include angle still smaller than 66 degrees. 

[0033] Drawing 5 and drawing 6 are as a result of [ the / as drawing 1 and 
drawing 2 in case normalization electrolyte thickness (h/lambda) is 0.1, and 
drawing 3 and drawing 4 / same ] count. If normalization electrolyte thickness 
(h/lambda) becomes large, it will become still larger than the case where the cut 
angle theta from which a propagation constant alpha serves as min is drawing 3 . 
However, it is an electromechanical coupling coefficient K2 also in this case. The 
cut angle theta shows a value with the smaller big one. 
[0034] In order to verify the validity of the count approach currently performed 
here, actually, drawing 7 creates an SAW filter and is drawing [ the count result / 
result / which was measured ]. In drawing, an axis of ordinate is acoustic velocity 
Vs, and an axis of abscissa is the cut angle theta. Among drawing, what is 
expressed with lines, such as a continuous line, a broken line, a dotted line, and 
an alternate long and short dash line, is as a result of [ of the acoustic velocity 



searched for by the same count technique as calculating drawing 6 from drawing 
1 ] count, and is the result of calculating duty ratio (w/p) at 0.1 spacing from 0.2 
to 0.8. 

[0035] Moreover, in drawing 7 , the symbol shown by O is the acoustic velocity 
which measured duty ratio (w/p) from the SAW filter made as an experiment by 
0.25. When similarly the symbol shown by ** makes duty ratio (w/p) as an 
experiment by 0.5, the symbol shown by <> and <> is as a result of [ at the time 
of making duty ratio (w/p) as an experiment by 0.75 ] measurement, moreover, 
calculated value and measured value - it is the case where normalization 
electrolyte thickness (h/lambda) is 0.05 altogether in both cases, and Nr is the 
number of the strip of the grating reflector in an SAW filter. 
[0036] Drawing 8 is the mimetic diagram of the pattern of an SAW filter used for 
taking out the measurement result of drawing 7 . Such a pattern is indicated in 
Nikkan Kogyo Shimbun and pp.153-pp.155 (reference 7) in the volume for 
example, a reference:surface-wave device, its application, and for electronic 
ingredient Semiconductor Equipment & Materials International, and December, 
Showa 53. Two grating reflectors 9 are arranged between an input side IDT5 and 
an output side IDT6, and distance D1 between two grating reflectors 9 is made 
the same as the array period p of the reflective strip of the grating reflector 9. 
[0037] Thus, by arranging the grating reflector 9, a property as the passage 
power from an input terminal 7 to an output terminal 8 shows to drawing 9 is 
shown, and only the surface acoustic wave of a specific frequency is reflected 
selectively. In drawing, fO is equivalent to the center frequency of the grating 
reflector 9, and Fb is equivalent to the stop bandwidth of the grating reflector 9. 
[0038] Since the array spacing p of the grating reflector 9 drops to 1/2 of the 
wavelength in the center frequency fO in the inside of the grating reflector 9, the 
value which multiplied center frequency fO by period p twice value of array 2p is 
equivalent to the acoustic velocity Vs in the grating reflector 9. Drawing 7 shows 
the sonic Vs value (Vs=2pf0). In addition, Nr shown in drawing 7 is the number of 
each strip of the line breadth w in the grating reflector 9 shown in drawing 8 . 



Moreover, big effect does not give distance D2 to the property shown in drawing 
9 . 

[0039] the acoustic velocity Vs which becomes almost the same as the property 
of the electrode finger 3, and is determined from the line breadth w and the array 
period p of the above-mentioned short circuit strip since he is trying for the short 
circuit strip 10 of the grating reflector 9 to become same electric potential 
altogether as shown in drawing 8 , an attenuation constant alpha, and 
electromechanical coupling coefficient K2 etc. -- also in the case of the electrode 
finger 3 of the same duty ratio (w/p), various material constants bring the almost 
same result. It turns out that calculated value and measured value are well in 
agreement, and this count shows the highly precise result more near the 
operating state of an SAW filter so that clearly from drawing 7 . 
[0040] Drawing 1 0 is the example of the pattern of the SAW resonator filter of a 
mode coupling form for the count result shown in drawing 6 from drawing 1 to 
check about the effectiveness given to an SAW filter. In drawing, 5 is an input 
side IDT and the number of the electrode fingers 3 is 23. 6 is an output side IDT 
and is carrying out parallel connection of the two output sides IDT electrically. 
The number of the electrode fingers 3 of one side of an output side IDT6 is 16. 9 
is a grating reflector and the number of each strip of the grating reflector 9 is 130 
at one side. All of the line breadth of the electrode finger 3 of an input side IDT5 
and the line breadth of the electrode finger 3 of an output side IDT6 are the same 
wi, and all array spacing is also the same pi(s). 

[0041] Unlike the case of an input side IDT5 and an output side IDT6, the array 
period pg of each strip of the grating reflector 9 in drawing 10 is set to 
pg=1 .0226pi. However, it is the same as the dee tee ratio (wg/pg) of each strip of 
the grating reflector 9, and the dee tee ratio (wi/pi) of each electrode finger 3 of 
an input side IDT5 and an output side IDT6. the followings and such duty ratio 
(wi/pi) -- and (wg/pg) it names generically and expresses duty ratio (w/p). 
[0042] Moreover, distance D1 is 2.5p and distance D2 is 0.25p. If the cut angle 
theta and duty ratio (w/p) are changed, acoustic velocity Vs will change, but the 



array period pi is changed and calculated so that the center frequency fO of an 
input side IDT5 and an output side IDT6 may be set to 839.29MHz. The 
maximum crossover width of face WO is 440 micrometers. 
[0043] Drawing 1 1 plots the count result of the insertion-loss minimum value of 
the SAW filter shown in drawing 10 , and the loss fluctuation in a band. Count is 
using 2nd model of the equal circuit of Smith shown in pp.185-pp.205 (reference 
8) for an input side IDT5 and an output side IDT6 in for example, a 
reference:elastic wave component technical handbook, the 150th committee of 
the Japan Society for the Promotion of Science elastic wave component 
technique, and November, Heisei 3. 

[0044] The equal circuit of the distributed constant form shown in pp.206-pp.227 
(reference 9) is used for the grating reflector 9 in for example, a reference:elastic 
wave component technical handbook, the 150th committee of the Japan Society 
for the Promotion of Science elastic wave component technique, and November, 
Heisei 3. This is the same as the case where the electric terminal of the equal 
circuit shown in reference 9 is short-circuited. In drawing 6 from drawing 1 , they 
are an attenuation constant alpha and an electromechanical coupling coefficient 
K2. Although shown, if duty ratio (w/p) is changed, in order to change 
simultaneous [ the material constant of acoustic velocity Vs electrostatic capacity 
CO, and reflection coefficient C1 grade ], change of these material constants was 
also taken into consideration by the count result shown in drawing 1 1 . In addition, 
normalization electrolyte thickness (h/lambda) shows only the case where 0.05 
and duty ratio (w/p) of drawing 1 1 are 0.5. 

[0045] If the count result shown in drawing 1 1 is seen, as for the insertion-loss 
minimum value, in 66 degrees, the cut angle theta will become small rather than 
55 degrees. However, when the loss fluctuation in a band which is the difference 
of the minimum value of the insertion loss of the area within passage and 
maximum is seen, 55 degrees is smaller than 66 degrees. If the cut angle theta is 
smaller than 66 degrees when drawing 3 is seen, the attenuation coefficient 
alpha will increase. If the cut angle theta is smaller than 66 degrees, the 



insertion-loss minimum value will become large because [ this ]. However, when 
drawing 4 is seen, for the cut angle theta, the one smaller than 66 degrees is an 
electromechanical coupling coefficient K2. It is large. I hear that bandwidth 
realizable in other words can be made large more, it is, and it is an 
electromechanical coupling coefficient K2 that the loss fluctuation in a band is 
small. The large thing shows that it is realizable a broadband [ a property / be / 
the cut angle theta / 55 degrees ]. For example, when loss fluctuation in a band 
needs to be set to 0.5dB or less, implementation is impossible and the cut angle 
theta smaller than 62 degrees is required of conventional 64 degrees. Although 
the insertion-loss minimum value whose cut angle theta is 55 degrees increases 
rather than 64 degrees at this time, that difference is about 0.05dB. 
[0046] Drawing 12 is the example of a passage property count result of an about, 
when the cut angles theta are 64 degrees, 58 degrees, and 55 degrees. The 
pattern of an SAW filter is shown in drawing 10 . As count conditions, 
normalization electrolyte thickness (h/lambda) is set to 0.05, and duty ratio (w/p) 
is set to 0.5. 

[0047] When the cut angle theta is 64 degrees, acoustic velocity Vs as count 
conditions Moreover, 4465 (m/s), An attenuation coefficient alpha is 0.0108 
(dB/lambda) and electrostatic capacity CO is per [ 250 (pF/m) ] electrode finger 
and an electromechanical coupling coefficient K2. When it considers as 13.5% 
and the cut angle theta is 58 degrees, For 4477 (m/s) and an attenuation 
coefficient alpha, 0.012 (dB/lambda) and electrostatic capacity CO are [ acoustic 
velocity Vs ] per [ 285 (pF/m) ] electrode finger and an electromechanical 
coupling coefficient K2. When it considers as 18% and the cut angle theta is 55 
degrees, For 4477 (m/s) and an attenuation coefficient alpha, 0.0076 
(dB/lambda) and electrostatic capacity CO are [ acoustic velocity Vs ] per [ 277 
(pF/m) ] electrode finger and an electromechanical coupling coefficient K2. It may 
be 16.7%. 

[0048] Although the insertion-loss minimum value in case the passage power 
with which the cut angle theta shows in drawing 1212 at the time of 55 degrees 



or 58 degrees shows maximum is more slightly [ than the case of 64 degrees ] 
large, it is the substantial almost same loss. On the other hand, the display 
flatness in a pass band is increasing, for example, a frequency is [ the direction 
of 55 degrees or 58 degrees ] low loss in the insertion loss of the range of 804 to 
842MHz. That is, when the direction of 55 degrees or 58 degrees is low loss in a 
necessary band and puts in another way rather than conventional 64 degrees, 
the direction of 55 degrees or 58 degrees is a broadband from conventional 64 
degrees. 

[0049] Moreover, if drawing 12 is seen, pass band width is wider [ 55 degrees 
and 58 degrees ] than the case where the conventional cut angle theta is 64 
degrees so that clearly. As mentioned above, especially as for an insertion loss 
and bandwidth, an attenuation coefficient alpha shows the engine performance of 
a actual SAW filter, and having effect with the bigger electromechanical coupling 
coefficient K2. In addition, in this application, if it is that a broadband property is 
realizable if it is the same insertion loss, or the same pass band width, it is 
indicated to be "a property [ broadband / in low loss / former ]" that a low loss 
property is realizable. 

[0050] Electromechanical coupling coefficient K2 with the cut angle theta bigger 
[ when drawing 4 is seen ] when duty ratio (w/p) is 0.4 or more in the range of 55 
to 57 degrees than conventional 64 degrees It is shown. Near this, it is an 
electromechanical coupling coefficient K2. Since it is not not much greatly 
dependent on normalization electrolyte thickness (h/lambda), even if it sees 
drawing 2 and drawing 6 , it is the almost same result. 

[0051] However, when normalization electrolyte thickness (h/lambda) is as large 
as 0.1 and duty ratio (w/p) is enlarged, it is an electromechanical coupling 
coefficient K2. Even if it becomes large, an attenuation coefficient alpha becomes 
large simultaneously. For this reason, the insertion loss as an SAW filter may 
increase on the contrary. In this case, what is necessary is just to let the cut 
angle theta and duty ratio (w/p) be suitable combination so that you may satisfy a 
necessary property. 



[0052] As mentioned above, according to the gestalt 1 of this operation, the 
effectiveness that the cut angle theta can realize broadband elastic wave 
equipment by low loss rather than this conventional kind of elastic wave 
equipment when duty ratio (w/p) is less than [ 0.4 or more ] one in the range of 
55 to 57 degrees is acquired. 

[0053] When it is made the gestalt 2. said appearance of operation and drawing 
4 to the cut angle theta is [ duty ratio (w/p) ] 0.5 or more in the range of 57 to 62 
degrees, the conventional cut angle theta is the bigger electromechanical 
coupling coefficient K2 than 64 degrees. It is shown. Even if it sees drawing 2 R> 
2, it is the almost same result. When normalization thickness (h/lambda) is large 
drawing 6 , it compares with the case of drawing 4 , and it is the 
electromechanical coupling coefficient K2 in the case of the same duty ratio (w/p) 
at the same cut angle theta. It is large. However, if drawing 5 is compared with 
drawing 3 , as for the attenuation coefficient alpha in the case of the same duty 
ratio (w/p), the direction of drawing 5 is large on the same cut square theta. 
When especially duty ratio (w/p) becomes large, it is an electromechanical 
coupling coefficient K2. Although it becomes large, an attenuation coefficient 
alpha becomes large simultaneously. 

[0054] For this reason, the case where it increases on the contrary produces the 
insertion loss as an SAW filter. In this case, what is necessary is just to let the cut 
angle theta and duty ratio (w/p) be suitable combination so that you may satisfy a 
necessary property. However, electromechanical coupling coefficient K2 Since 
the very thing is large, pass band width becomes large. That is, broadband 
elastic wave equipment is realizable by low loss. 

[0055] As mentioned above, according to the gestalt 2 of this operation, the 
effectiveness that the cut angle theta can realize broadband elastic wave 
equipment by low loss rather than this conventional kind of elastic wave 
equipment when duty ratio (w/p) is less than [ 0.5 or more ] one in the range of 
57 to 62 degrees is acquired. 

[0056] Electromechanical coupling coefficient K2 bigger when it is made the 



gestalt 3. said appearance of operation and drawing 4 to the cut angle theta is 
[ duty ratio (w/p) ] 0.6 or more in the range of 62 to 67 degrees than the case 
where the conventional cut angle theta is 64 degrees It is shown. Even if it sees 
drawing 2 , it is the almost same result. Also when normalization thickness 
(h/lambda) is large drawing 6 , it compares with the case of drawing 4 , and it is 
the electromechanical coupling coefficient K2 in the case of the same duty ratio 
(w/p) at the same cut angle theta. It is almost the same. However, if drawing 5 is 
compared with drawing 3 , as for the attenuation coefficient alpha in the case of 
the same duty ratio (w/p), the direction of drawing 5 is large on the same cut 
square theta. When especially duty ratio (w/p) becomes large, it is an 
electromechanical coupling coefficient K2. Although it becomes large, an 
attenuation coefficient alpha becomes large simultaneously. 
[0057] For this reason, the insertion loss as an SAW filter may increase on the 
contrary. In this case, what is necessary is just to let the cut angle theta and duty 
ratio (w/p) be suitable combination so that you may satisfy a necessary property. 
However, electromechanical coupling coefficient K2 Since the very thing is large, 
pass band width becomes large. That is, broadband elastic wave equipment is 
realizable. 

[0058] As mentioned above, according to the gestalt 3 of this operation, the 
effectiveness that the cut angle theta can realize broadband elastic wave 
equipment by low loss rather than this conventional kind of elastic wave 
equipment when duty ratio (w/p) is less than [ 0.6 or more ] one in the range of 
62 to 67 degrees is acquired. 

[0059] Electromechanical coupling coefficient K2 bigger when it is made the 
gestalt 4. said appearance of operation and drawing 4 to the cut angle theta is 
[ duty ratio (w/p) ] 0.7 or more in the range of 67 to 71 degrees than the case 
where the conventional cut angle theta is 64 degrees It is shown. Even if it sees 
drawing 2 , it is the almost same result. Also when normalization thickness 
(h/lambda) is large drawing 6 , it compares with the case of drawing 4 , and it is 
the electromechanical coupling coefficient K2 in the case of the same duty ratio 



(w/p) at the same cut angle theta. It is almost the same. Moreover, the increasing 
rate is not so large, although, as for the attenuation coefficient alpha in the case 
of the same duty ratio (w/p), the direction of drawing 5 is large on the same cut 
square theta if drawing 5 is compared with drawing 3 . Therefore, what is 
necessary is just to let the cut angle theta and duty ratio (w/p) be suitable 
combination so that you may satisfy a necessary property. 
[0060] As mentioned above, according to the gestalt 4 of this operation, the 
effectiveness that the cut angle theta can realize broadband elastic wave 
equipment by low loss rather than this conventional kind of elastic wave 
equipment when duty ratio (w/p) is less than [ 0.7 or more ] one in the range of 
67 to 71 degrees is acquired. 

[0061] Electromechanical coupling coefficient K2 bigger when it is made the 
gestalt 5. said appearance of operation and drawing 4 to the cut angle theta is 
[ duty ratio (w/p) ] 0.8 or more in the range of 71 to 76 degrees than the case 
where the conventional cut angle theta is 64 degrees It is shown. Even if it sees 
drawing 2 , it is the almost same result. Also when normalization thickness 
(h/lambda) is large drawing 6 , it compares with the case of drawing 4 , and it is 
the electromechanical coupling coefficient K2 in the case of the same duty ratio 
(w/p) at the same cut angle theta. It is almost the same. Moreover, when drawing 
5 is compared with drawing 3 , drawing 5 of the attenuation coefficient alpha in 
the case of the same duty ratio (w/p) is smaller on the same cut square theta. 
Therefore, electromechanical coupling coefficient K2 Since the effectiveness it is 
large ineffective is reflected in the property of elastic wave equipment as it is, a 
broadband property is realizable by low loss from before. 
[0062] As mentioned above, the effectiveness that the cut angle theta can realize 
broadband elastic wave equipment by low loss rather than this conventional kind 
of elastic wave equipment when duty ratio (w/p) is less than [ 0.8 or more ] one in 
the range of 71 to 76 degrees is acquired. 

[0063] Although the above explained to the example the SAW resonator filter of 
the mode coupling form shown in drawing 10 , the number of effectiveness not 



only of this but IDT(s) is [ this invention ] the same also by the number of 
arbitration other than three. Furthermore, effectiveness is the same even if it 
applies to the SAW filter of the so-called transversal form filter of multi-electrode 
structure, and the easy structure shown in drawing 15 . 
[0064] Furthermore, although all the array periods of the electrode finger 3 
showed the case of being the same, effectiveness is the same even when the 
above-mentioned array period changes selectively or on the whole. Moreover, 
also in the case of the configuration to which the float electrodes which exist in 
the part to which it floats into IDT, and it has an electrode or differs in IDT were 
connected electrically, effectiveness is the same. 

[0065] Furthermore, this invention is effective to all other SAW devices that form 
IDT which has the conversion function of not only an SAW filter but a 1 terminal- 
pair SAW resonator, the SAW delay line and the SAW distributed delay line, 
electrical signals, such as a SAW convolver, and LSAW and SSBW. Moreover, it 
is effective also to all the elastic wave equipments using these SAW devices. 
[0066] 

[Effect of the Invention] As mentioned above, according to this invention, when 
the field rotated in 55 to 57 degrees from the crystal Y-axis around the crystal X- 
axis of lithium niobate is used as the front face of a substrate and the duty ratio 
(w/p) of the electrode finger determined with the electrode digit w of a blind-like 
electrode and the array period p of an electrode finger carries out to less than 
[ 0.4 or more ] 1.0, it is effective in broadband elastic wave equipment being 
realizable by low loss from before. 

[0067] According to this invention, when the field rotated in 57 to 62 degrees from 
the crystal Y-axis around the crystal X-axis of lithium niobate is used as the front 
face of the above-mentioned substrate and the duty ratio (w/p) of the electrode 
finger determined with the electrode digit w of a blind-like electrode and the array 
period p of an electrode finger carries out to less than [ 0.5 or more ] 1 .0, it is 
effective in broadband elastic wave equipment being realizable by low loss from 
before. 



[0068] According to this invention, when the field rotated in 62 to 67 degrees from 
the crystal Y-axis around the crystal X-axis of lithium niobate is used as the front 
face of a substrate and the duty ratio (w/p) of the electrode finger determined 
with the electrode digit w of a blind-like electrode and the array period p of an 
electrode finger carries out to less than [ 0.6 or more ] 1 .0, it is effective in 
broadband elastic wave equipment being realizable by low loss from before. 
[0069] According to this invention, when the field rotated in 67 to 71 degrees from 
the crystal Y-axis around the crystal X-axis of lithium niobate is used as the front 
face of a substrate and the duty ratio (w/p) of the electrode finger determined 
with the electrode digit w of a blind-like electrode and the array period p of an 
electrode finger carries out to less than [ 0.7 or more ] 1 .0, it is effective in 
broadband elastic wave equipment being realizable by low loss from before. 
[0070] According to this invention, when the field rotated in 71 to 76 degrees from 
the crystal Y-axis around the crystal X-axis of lithium niobate is used as the front 
face of a substrate and the duty ratio (w/p) of the electrode finger determined 
with the electrode digit w of a blind-like electrode and the array period p of an 
electrode finger carries out to less than [ 0.8 or more ] 1 .0, it is effective in 
broadband elastic wave equipment being realizable by low loss from before. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the count result of the attenuation coefficient to 

the cut angle of LN substrate in case the normalization electrolyte thickness by 

the gestalt 1 of implementation of this invention is 0.01. 

[Drawing 2] It is drawing showing the count result of the electromechanical 

coupling coefficient to the cut angle of LN substrate in case the normalization 

electrolyte thickness by the gestalt 1 of implementation of this invention is 0.01. 

[Drawing 3] It is drawing showing the count result of the attenuation coefficient to 

the cut angle of LN substrate in case the normalization electrolyte thickness by 

the gestalt 1 of implementation of this invention is 0.05. 

[Drawing 4] It is drawing showing the count result of the electromechanical 

coupling coefficient to the cut angle of LN substrate in case the normalization 

electrolyte thickness by the gestalt 1 of implementation of this invention is 0.05. 

[Drawing 5] It is drawing showing the count result of the attenuation coefficient to 

the cut angle of LN substrate in case the normalization electrolyte thickness by 

the gestalt 1 of implementation of this invention is 0. 1 . 

[Drawing 6] It is drawing showing the count result of the electromechanical 

coupling coefficient to the cut angle of LN substrate in case the normalization 

electrolyte thickness by the gestalt 1 of implementation of this invention is 0.1. 

[Drawing 7] It is drawing showing the measurement result of the acoustic velocity 

over the cut angle of LN substrate in case the normalization electrolyte thickness 

by the gestalt 1 of implementation of this invention is 0.05. 

[Drawing 8] It is the mimetic diagram of the pattern of the SAW filter by the 

gestalt 1 of implementation of this invention. 

[Drawing 9] It is drawing showing the passage power property over the frequency 
of an SAW filter shown in drawing 8 by the gestalt 1 of implementation of this 
invention. 

[Drawing 10] It is the mimetic diagram of the pattern of the mode coupling form 



SAW resonator filter by the gestalt 1 of implementation of this invention. 
[Drawing 11] It is drawing showing the count result of the insertion-loss minimum 
value of the mode coupling form SAW resonator filter shown in drawing 1 0 by the 
gestalt 1 of implementation of this invention. 

[Drawing 12] It is drawing showing the passage power property over the 

frequency of the mode coupling form SAW resonator filter shown in drawing 10 

by the gestalt 1 of implementation of this invention. 

[Drawing 13] It is drawing showing the propagation-loss property over the 

normalization electrolyte thickness by conventional elastic wave equipment. 

[Drawing 14] It is drawing showing the cross section of conventional elastic wave 

equipment. 

[Drawing 15] It is drawing showing the configuration of elastic wave equipment. 
[Drawing 16] It is drawing showing the cross section of elastic wave equipment. 
[Description of Notations] 

1 LN substrate (substrate), 3 An electrode finger, 5 An input side IDT (blind-like 
electrode), six input sides IDT (blind-like electrode). 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Translation done.] 



